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Identificd as a critical technology for many of NASA’s 2 1” century scicnce missions, spaceborne optical
inter feromet ry permits the ver y high resolution and equivalent light collecting area of asingle tclesc.opt, but
at a lower cost. To accomplish this, separation of an mterferometer’s small collecting aper tures by large
basclines are required, of the ordei of tenths to thousands of kilometers. Thus the large separations require
multiple spaccerafl formation flying. A separated spacceraft optical inte ferometer concept, referted to as the
New Millennium Interferometer (Blackwood, ef al., 1995; Colavita, et al,1996; | au, ef al.,1996) is a
simplificd interferometer that demonstrates enabling technologies while still retaining scicnce  capabilities It
has been identified as a strong candidate for the thud deep space mission (DS-3) of the New Millennium
Program, a deep space tcchnology demonstiation progrant in which artificial intelligence (Al) will play a
prominent role. Other proposed scparated spacecrafl missions are the Terrestiial Planct Finder and Terrestrial
Planct Mapper missions, as well as future cxoplanctimaging and high resolution astrophysics formation

MISSIONS.

The DS-3 instrument would be distributed over three small spaceeraftin an equilateral triangular formation:
two spat.ccl”aft would scrve as collcctors, direeting starlight towards a third spaceerafl, which in turn would
combine the light and perform the interferomet ric detection  Duc to the round-trip communications delay and
close proximity operations of the three spacect aft, ground-in-the-loop cont rolling will compromise the
cffectiveness of the formation; onboard Al capabilitics will be required for D §-3 autonomous  precision
formation flying. Each 1) S-3 spacccrafl is envisioned to have identical capabilitics and software for formation
controls, with one designated as the “mast u”, Thespaceer afl so designated isresponsible for initidizing, and
maimntaining the formation gecometry, including determination of fuel-optimal formation mancuvers and
retargeting, whether the formation mancuvers occur about the equivalent formation centei -0 f-mass or about
the apex of the uiangular formation.  Becausc they haveidentical softwate, the 1-ok of the master canbe
assumed by one of the other spacecrafl upon p redet ermined fault conditions.

Inamultiple spaceciafi configuration such as 1)S-3, mere cooperation is insufficient to ensure a stable
configuration, adequate scicnee return, and 1 obust ness when faced with unanticipated events, cither from within

the team or from the external environment. Cooperation entails parallel, @ opposed to joint activities.
Operat ing in paralel, multiple systems will not assume exclusive use of shared resources, nor will they
knowingly perform an action that would intro fere with the successful achicvement of another agent’s goals.
This paradigm is not robust; when faced with the unexpected, goals can be easily abandoned, as there is no
“shared mental state” to achicve ajoint poal. When agents collaborate, they each have the same.joill[ goal, arc
committed to its achievement, and by inference, to cach other. They will actively avoid inter fering with anothet
apent’s goals. Unexpected events, cither from the environment, or from another agent’s behavior will not
automatically doom the.ioillt goal; within the agents iSapersistence towards goal achicvement, and this entails
helping the other agent, or assuming his dutics, where possible.

Severaltheories of multi-agent collaboration (MAC) exist(reviewed in Wilsker, 1996), however it is proposed
that an avgmented Joint Intentions theot y (Cohen and 1evesque, 1991) would be most applicable to this

M he first New Millennium flight, 1)S-1, willhave anonboard “Remote Agent” consisting, 01 a RAPS-based exceutive,an LIS T'S-
based planner/scheduler, and a | ivingstone-based mode identification and recovery engine
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domain, as it embodics 1rony of the eleients that ai¢ considered fundamental to tcam formation and
maintenanceIn this modal logic-based theory, if a team of apgents has a Joint Persistent Goal (J])(i) towards
some goal, al agents arc jointly committed towards the successful prosccution of the action(s) that will achicve
the goal. They cannot just “change their minds™ and abandon the goal  They will persist over time towards
achicving the goal. If anagent adopts the private belief that the goal has cither been achieved or s
unachicvable, he has a hard-wired goal to have his private belief mutually believed by the ohm team members.
Only then will the JPG be abandoned. Communication, then, iS made an explicit requirement of  this theory,
in contrast with other MAC theorics. In addition, goal pei sistence over time builds robustness into the team’s
actions, cspecially when faced with the dynamic and unpr edictable chvironment of space.

We represent multiple spacecraft as autonomous agents in the Joint Intentions framework for DS-3.“1°0 do so
we must augment the existing theory. In particular, it is currently a two-agent theory, and would have to
accommodate more than two agents. Also, in this rcal time environment, limiting goal persistence 10 a
“maximum” length of” time would also berequired By modcling, spaccciafl as autonomous agents in this
theory, we belicve that the robustness of amulti-spa cecrafl configuration is enhanced because, in addition to
mutual cooper at ion, there exists joint commitment to a shared goal, and support for onc another should
anomalous behavior develop. Ultimatcely, this lcads to inci cased confidence in achicving mission objectives.
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